. As a result of using a diverse group of organisms, a variety of assay conditions have been used in which temperature, pH, and medium varied greatly. Under some conditions these chemical and physical factors affect the stability of thiamine (Stecher 1960; Wagner and Folkers 1964; Wada and Suzuki 1965b; Gold, Roels, and Bank 1966) . The purpose of this investigation was to determine the effects of the constituents of the medium on the stability of thiamine in seawater.
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MATERIALS AND METHODS
The fluorometric method (which measures intact thiamine) was used. Oxidation of thiamine and extraction of the resulting thiochrome were carried out using Freed's ( 1966) modification of the standard methods of analysis for thiamine outlined by Horwitz ( 1965) . A further modification involved omission of the Decalso adsorption procedure found to be unnecessary for the analyses, since sea salts did not interfere with recovery of the thiochrome. The concentration of thiamine used in these assays was 5 mpg/ml. The fluorescence from the thiochrome produced from oxidation of that concentration of thiamine fell in a useful range with the photofluorometer set at 10x sensitivity. Filtered seawater (pH 7.9) was enriche'd with thiamine and either acidified and refrigerated immediately as a control, or further enriched with test substances and incubated at 37C in unstoppered lOOml volumetric flasks. At the end of a suitable incubation period, usually lasting a minimum of 16 hr, the samples were removed and acidified with hydrochloric acid, thereby stabilizing residual thiamine. The samples were then brought to room temperature and assayed.
Five-ml portions of each sample were dispensed into four Maizel-Gerson reaction vessels each containing 1.5 g of potassium chloride.
Two of the vessels were the reagent-blank controls and the solutions were not oxidized, while the other two solutions were oxidized with potassium ferricyanide. extracted with isobutyl alcohol, and the tubes were centrifuged to separate the alcohol and water layers. The fluorescence of the alcohol extracts was measured immediately with a photofluorometer (Turner Model 110). In early tests the instrument was standardized against the reagent blank. The procedure now routinely used is to standardize the instrument at zero fluorescence using isobutyl alcohol of the same batch used in the extractions. Reagent blank fluorescence is read and this figure subtracted from the value obtained for the thiochrome-containing sample. To determine the mechanism of thiamine inactivation, tests were carried out using cupric chloride * 2HzO and thiamine dissolved in glass-distilled water (triple distilled, twice through glass). In these experiments tris ( hydroxymethyl ) aminometh- See text for explanation. 0 = control; l = CuC12.2H20, 1 .O pg/ml; 0 = 2.0 ,ug/ml; 0 = 4.0 pug/ml; X = 8.0 pg/ml; n = 10 pg/ml.
ane was added at a concentration of 0.1 may act to lower thiamine requirements. The usefulness of this assay and its reliability for application to seawater analyses is demonstrated in Fig. 1 . The addition of thiamine to seawater or 0.1 N HCl, followed by its oxidation to thiochrome, gave comparable results. Table 1 shows that amino acids, citric acid, and disodium ethylenediaminetetraacetic acid were protective, while sodium acetate and dextrose did not prevent thiamine destruction.
All of the compounds that protected thiamine are able to chelate trace metals.
The protection of thiamine in solutions containing organic supplements has been reported previously. Mihailescu and Savapol ( 1966) found that concentrated thiamine solutions were protected on autoclaving if cysteine was present, while thiourea and glutamic acid were somewhat less protective. Wada and Suzuki (1965~) found that thiamine, heated at 60C for 1 hr, was protected in the presence of various organic substances including amino acids and proteins. They also found (Wada and Suzuki 1965b) that thiamine was partially destroyed in alkaline intestinal fluid (pH 7.4) at 37C over a 15hr period. The addition of glycine to this solution had a stabilizing effect on the vitamin.
Sodium glutamate and disodium EDTA were tested for their protective effects over a range of concentrations (Figs. 2  and 3 ). Both compounds protected thiamine at low concentrations, and on a weight basis, disodium EDTA was more effective.
The protective effect of disodium EDTA was overcome experimentally by the addi- to protection in 36% of the added thiamine was destroyed in 17 hr compared with 88% and 100% in the presence of added CuC12. 2H20 ( 0.2 and 0.4 pg/ml respectively). The destructive action of cupric ions was examined in an experiment in distilled water ( Fig. 4) . The slow decomposition of thiamine in the control was considered negligible by comparison with the cupric chloride-containing samples. In these experiments, higher concentrations of cupric ion were required for destruction than for those reported above. The complexity of the trace metal composition of seawater is well known, and other cations probably contribute to thiamine inactivation.
A pH change occurred during the course of the experiment shown in Fig. 4 . Initially the pH was 7.9; after 7 days it was 7.3-7.4. However, a drift toward more tion of cupric chloride. In seawater en-acid conditions does tend to stabilize the riched with disodium EDTA ( 1 pg/ml), vitamin.
NOTES AND COMMENT
The possibility that organic compounds in seawater ( thiaminases ) were responsible methods are made available for analyzing thiamine and its decomposition products. ---for the destruction of thiamine was eliminated, because thiamine was destroyed at KENNETH GOLD 0 b s orn Laborratories of Marine Sciences, 37C in both autoclaved natural and arti-~~~ york Aquarium ficial seawater. > single Tests with each of the seaside park ingredients used in preparing the artificial seawater showed that both soBrooklyn d224.
dium and magnesium chloride were detrimental to thiamine stability (23.5 and 10.6 g/liter respectively). Based on the evidence presented above for the inactivation of thiamine by cupric ions, it appears that the destructive components of these chemicals were probably trace metal impurities.
The protective action of the organic substances and the destructive nature of cupric ions suggest a mechanism for inactivation.
The hydrolysis of thiamine in alkaline solutions has been studied extensively ( Wagner and Folkers 1964) . Of the number of intermediates present in alkaline solutions, two contain free-sulfide groups. It is not unlikely that cupric ions are bound by these groups in a manner that prevents reclosure of the thiazole ring. The function of the protective compounds in these experiments, therefore, would be to complex with the cupric ions (and possibly other ions) and make them unavailable for reaction with these thiol intermediates of thiamine hydrolysis.
It is recognized that the concentrations of vitamin, organic supplements, and metals tested were higher than might be expected in nature. The significance of the findings lies, therefore, in their application to assay methodology and, perhaps, to a better understanding of the chemistry of thiamine in seawater. It is tempting to extrapolate from the results described above to ecologically meaningful amounts of thiamine in natural waters. However, confirmation by scaling the concentrations down must be postponed until more sensitive chemical
